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[57] 



ABSTRACT 



An optical head apparatus comprises a laser light source 
device emitting linearly polarized light, a converging 
lens for converging the light pencil emitted from the 
laser light source onto information recording tracks on 
a recording medium, and an optical system including a 
beam splitter for separating the light pencil reflected 
from the recording medium from the light pencil emit- 
ted from .the laser light source. The converging lens is 
one formed by molding. The rotary position of the 
converging lens about the optical axis of the converging 
lens is so adjusted that the astigmatism of the optical 
system from the laser light source to the recording 
medium is ^'"iim i m . 

17 Claims, 7 Drawing Sheets 
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19c of the light detector 19. The central detector 19a 

SYSTEM AND METHOD OF ASTIGMATISM receives the reflected light from the light spot 14a, and 

CORRECTION IN AN OPTICAL HEAD converts the intensity of the received light into an elec- 

APPARATUS trical signal. The intensity of the reflected light differs 

5 depending on whether the light spot 11 is reflected in 
BACKGROUND OF THE INVENTION the pit or on the land 16. The electrical signal is used for 
The present invention relates to an optical head appa- m audio signal, a video signal, digital data, or the like, 
ratus for writing data in and reading date from an opti- As the recording medium 12 rotates, the surface of 
cal disk, a form of an optical information recording the recording medium 12 may vary in position in the 
medium, and particularly to an improvement for mini- 10 direction of optical axis of the object lens 10 because of 
mizing the astigmatism of a converging optical system undulation, vibration and the like. The deviation in the 
in an optical head having a converging lens formed by direction of the optical axis from the focal point is de- 
molding, tected in a known manner (literature (a)) in accordance 
The apparatus of this type are shown for example in with the variation of the shape of the light pencil on the 
the following publications: 15 central photodetector 19a; and is corrected by a servo 

(a) Japanese Patent Application Laying-open No. mechanism, not shown, so that the surface of the disc is 
102342/1983 kept at the foal point 

(b) Modern Optical Engineering, McGraw-Hill, N. Y. The rotation of the recording medium also causes 
*966 relative deviation in the lateral direction between the 

(c) Technique for Designing a Lens, pp. 35-36, 20 central beam 14a and the track 13, due to meandering of 
Kogaku Kogyo Gijutsu Kyokai, Japan the track 13 and vibration. To correct the error in the 

r?3 )ti ^ p ' l5 £ WUe %™' Y : „ „ , . kteral direction, the difference between the outputs of 

(e) The Present Status of Plastic Lens, Harada, Jour- ^ ph otodetectors 19* and 19c is detected and used as 

nalofthelnsu^ a representation of the deviation between the track and 

pan, Vol. 38, No 9 (1984), pp. 810-814. 25 ^ ^ fc ^ 

sSsaSw A PP hcatl011 Layuig-ooea No. ^ask), md section is made in accordance with the 
In addition, a device shown in FIG. 3a and FIG. Zb JJ** dMn (sCe the Uterature (a) mentioned 
was known, in which there * provided a light source T Ludwze ^ d . f Mmm fon stored on the 
such as a semiconductor laser 40 which emits a linearly 30 * vr^~. * ' i u ^ " 
polarized light pencil 2. A diffraction grating 3 splits the ™ 0T *?* «? s ™\ » °P tcal h ^ W™** 
incident light pencil (alternatively referred to as a light £ lt ^ ™? the track pitch are made to have the 
beam) 2 into three pencils of light A half prism 4 sepa- ™ which allows reading when the converge 
rates the muminating light pencil 5 and the reflected m * system from the senu co n ductor laser to the con- 
light pencil 6 from each other. A collimator lens 7 con- 35 ve W lens » * the ideal state of the diffraction limit 
veits the muminating light 5 into parallel light pencil 8. Typically, when the laser wavelength \=780 nm, and 
A reflection prism 9 reflects the parallel light pencil 8 to the numerical aperture of the converging lens at the side 
a direction substantially at right angles. A converging of ^ ^ N A=0.5, then the spot diameter obtained by 
lens 10 converges the parallel light pencil 11 toward an converging at the diffraction limit is about X/NA= 1.6 
information track 13 of a disk-shaped recording medium 40 microns. The track pitch is therefore 1.6 microns, while 
or carrier 12 to form a light spots 14. For this to be the minim u m pit length is 0.8 microns, half the mini- 
achieved, the recording medium 12 is positioned at or mum SP 0 * diameter. 

close to the focal point of the converging lens 10. To be *° order for converging system to have the char- 
more exact, the light spots 14 consists of three spots 14a acteristic of the diffraction limit, it is required that 
through 14c as shown in FIG. 3& The information track 45 0) the light emitted from the semiconductor laser 40 
13, on the other hand, consists of pits 15 and lands 16. should be conducted at or close to the state of stigma- 
The recording medium 12 is rotated by a drive motor tism throughout the entire light path passing the con- 
not shown. The light pencil reflected at the recording verging lens up to the spot 14, and 
medium 12 passes through the converging lens 10, and (2) the semiconductor laser itself does not have any 
the collimator lens 7 and is reflected at the half prism 4 50 aberration. 

substantially at right angles. The reflected light pencil 6 In recent years, molded plastic lenses are used as the 

passes a concave lens 17 for reducing the angle of con- converging lens of the optical head apparatus. This is 

vergence of the reflected light pencil A cylindrical along the line of the advancement in the plastic preci- 

concave lens 18 causes an astigmatism in the light pencil sion molding technique. The plastic lenses can be 

having passed the concave lens 17. A light detector 19 55 formed to have aspheric surfaces, if the die is machined 

comprises detecting elements 19a through 19c by precision NC (numerical controlled) machines. This 

The light pencil 2 emitted from the semiconductor is in contrast to glass lenses which have to be polished 

laser 40 is linearly polarized in a direction parallel to its individually and which therefore were generally re- 

PN junction. The light pencil 2 passes through the dif- stricted to spherical surfaces. It is therefore possible to 

fraction grating 3, a half prism 4, and a collimator lens 60 replace conventional combination of three to five spher- 

7, and is deflected by the reflection prism 9, and is con- ical glass lenses by a single aspherical plastic lens, 

verged, forming three beams 14a through 14c, on the Because the plastic lens can be fabricated by plastic 

recording medium 12. The light pencil as reflected on molding which is suitable for mass production, and 

the recording medium passes through the converging because the number of lenses can be reduced, the use of 

lens 10 and is again reflected at the reflection prism 9, 65 the plastic lens contributes to the costdown of the opti- 

and is then reflected at the half prism 4. The light pencil cal head and reduction in the number of assembly steps 

then passes the concave lens 17 and the cylindrical lens of the optical head, so that the plastic lenses will be 

18 and enters the three detecting elements 19a through increasingly used in the future design of optical heads. 
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A disadvantage associated with the plastic lens is the tion of the polarization of the light, and the direction of 

lack of uniformity in the aberration characteristic along the gate. 

the direction of rotation about the optical axis of the FIG. 10 shows use of a lens of a finite conjugate type 
lens. More particularly, it has been found that the astig- to directly receive and converge the light emitted from 
matism of the molded plastic lens against linearly polar- S a semiconductor laser, 
ized light varies when the lens is rotated about the opti- 
cal axis. DETAILED DESCRIPTION OF THE 



SUMMARY OF THE INVENTION 



PREFERRED EMBODIMENTS 



The astigmatism produced by a plastic converging 
An object of the invention is to solve the abovede- 10 lens will first be discussed in further detail with refer- 
scribed problems. ence to FIG. 4a and FIG. 4b show a result of measure- 

Another object of the invention is to provide an opti- ment of ^ astigmatism in a situation where a linearly 
cal h^ having a convert polarized parallel light pencil 11 passes through a plas- 

moldmg with an improved characteristic. tic lens 10 formed by injection molding, and passes 

A further object of the ^invention is to minimize the 15 through a Pirate of a disc 12 and is converged. The 
astigmatism m an optical head. plastic material used is PMMA, The plastic lens has a 

Ac^rdmg to the invention, there is provided an te m ^ h which the plastic ^ terial was m , 
optical head apparatus comprising jected mto the moldmg die during the injection mold- 

a aser light source devtce emitting linearly polarized ^ ^ ^ subtended ^ten the line G connect- 
' , r A , . A ing the gate 100 and the center of the lens and the direc- 

J^Z^ T °r C ° nVergmg 1 ^ tionEofthepolarizationofthemcidentlightisdenoted 
emitted from the laser light source onto information . a - CTr ^ - .„ - , 

recording tracks on a recording medium, and * y f' ^J 1 ?'** ^™ <* ^ordmates repre- 

an optical system including a beam splitter for sepa- a Ration value (heremafter referred to 

rating the light pencil reflected from the recordmg 25 ^ value) of the astigmatism, expressed in terms of 
medium from the light pencil emitted from the laser ^ flight Pf"*- The measurement 
light source, was made usm S a beau's mterferometer which is corn- 

wherein ' mon m tne measu r emen t of the astigmatism of optical 

the converging lens is one formed by molding, and parte of an optical head. 

the rotary position of the converging lens about the 30 As will be seen from the figure, Was is the smallest 
optical axis of the converging lens is so adjusted that the (about 0,01 X when ^ Section of the polariza- 
astigmatism of the optical system from the laser light tion and ^ Section of the gate coincide with each 
source to the recording medium is minimum. other » i - e -» when * is 0* and 180 s while W^is the largest 

In a preferred embodiment, the converging lens is so (about 0.045 \ rms) when the direction of the polariza- 
oriented that an astigmatism of the converging lens and 35 ^ on 831(1 **** direction of the gate are at right angles with 
an astigmatism of the remaining part of the converging each other. The same measurements were conducted on 
system are made to cancel each other so that the astig- 10 workpieces and the results similar to that illustrated 
matism of the entire converging system from the laser were obtained. According to the literature (e), it is 
to the disc is minimized. With such an arrangement, the inferred that a plastic lens formed by molding exhibits 
optical system exhibits the performance of the diffrac- 40 double refraction due to strain caused by internal resid- 
tion limit ual stress and this is the cause of the variation in the 

astigmatism. 

BRIEF DESCRIPTION OF THE DRAWINGS The conventional optical head is also associated with 

In the accompanying drawings: aberration due to three factors. First, the surface of the 

FIG. 1 is a diagram showing an optical head appara- 45 parallel plane optical parts such as the diffraction grat- 
tus of an embodiment of the invention; ing 3 and the half mirror 4 through which the light 

FIG. 2a and FIG. 2b are diagrams showing how the pencil is transmitted is inclined and is not normal with 
lenses are set according to the invention; respect to the optical axis of the emitted light pencil 2. 

FIG. 3a and FIG. 36 are diagrams showing a conven- Secondly, when the point of light emission of the semi- 
tional optical head; 50 conductor laser is off the optical axis of the collimator 

FIG. 4a is a diagram showing data obtained by exper- lens, an image height is generated so that an astigmatism 
iments on the variation in the astigmatism with rotation is generated in the coUimated light 8, and at the same 
of a molded lens as shown in FIG. 4b; time the collimated light enters the object lens and an 

FIG. 4b is a diagram showing rotation of a molded image height is produced to cause an astigmatism, 
lens as used to provide the experimental data of FIG. 55 Thirdly, the light pencil emitted from the semiconduc- 
4a. tor laser 40 has an astigmatism. 

FIG. S is a diagram showing how the astigmatism is These phenomena will be described in further detail, 
produced by a parallel plane plate; (i) Inclination of the diffraction grating or the half 

FIG. 6 is a diagram showing how the astigmatism due prism, 
to image height is produced; 60 The light pencil 2 emitted from the semiconductor 

FIG. 7a is a diagram showing construction of a semi- laser is a diverging light pencil. For example, assume 
conductor laser; that, as shown in FIG. 5, a parallel plane glass 30 (nu- 

FIG. lb is a diagram explaining the astigmatism of a merical aperture NA=sin u) is disposed in an optical 
semiconductor laser; path of a converging light pencil, with the parallel plane 

FIG. 8 is a diagram showing the relationship between 65 glass 30 being inclined by Up' with respect to the opti- 
the astigmatic difference and the astigmatism; and cal axis 31. The astigmatic difference (astigmatism) 

FIG. 9a and FIG. 9b are diagrams showing the rela- which results in such a situation is given by the follow- 
tionship between the direction of the track, the direc- ing equation (1), according to the literature (b). 
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nomena and the wavefront deviation will be described 

(I) with reference to FIG. 8. 

In the figure, E represents the excit pupil of a radius 

_ * |" s 2 cos 2 Up' _ j "j a. The coordinate of the pupil is expressed by (x ( y). The 

Nat 2 - sin 2 Up' L - ^ J 5 x-direction lateral aberration x' at the sagital image 

surface Ps is related to the wavefront aberration W as 

In the above equation, It' represents the distance to the follow: 
point of convergence in the surface (meridional surface) 

containing the normal to the parallel planes of the glass g_ d w ^) 

plate 30 and the optical axis, and Is' represents the dis- 10 * • n' dx 
tance to the point of convergence in the surface (sagittal 

surface) normal thereto. When R> > A, i.e., when the astigmatism difference is 

If, in FIG. 3a showing the conventional system, the very small, the following equation (3) holds: 
diffraction grating 3 or the half prism 4, which is a 

parallel plane part, is inclined, an astigmatism in accor- IS ^ 

dance with the equation (1) is produced. For instance, if * = 7T * A 
a diffraction grating with a refraction index N= 1.5 and 

f =1.5 mm, or a half prism with t'=5 mm is inclined by Combining the equations (2) and (3), x' can be elimi- 

1.0% the resultant astigmatic difference will be 0.17 nated, and the wavefront aberration W can be given by 

microns or 0.56 microns, respectively. 20 the following equation (4), if n' is assumed to be 1 

(ii) Image height due to misalignment of the semicon- (unity) assuming that surrounding medium is the air. 
ductor laser. 

Generally, when the object (which is the point of _ ' 2 

light emission of the semiconductor laser) is off the _ f*S 3 y N _ 

optical axis, and an image height exists, then an astigma- 25 w ~ J Q \Jlx~ J dx = 2 ^ R ) A 
tism is produced. FIG. 6 shows results of calculation of 

production of an astigmatism according to literature (c). ^ equation (4) re p rese nts the astigmatism coefficient 

As shown in the right side of the figure, with mcreasmg m ^ g^., fomL If ^ yalue ^ (4) ^ 

image height the point of focusing by the mendional converted mt0 ±e sta ndard deviation Wrms of the 

rays and the point of focusmg by the sagittal rays are 30 wavefront aberT ation at the least circle of confusion 

«S astigmatism is in- which h ^ ^ convergence point, the following 

As an example, there is a collimator lens for use in an 
optical head apparatus, which produces an astigmatism 

of 10 microns for the image height corresponding to the 35 Wrms = — ^p=- Na 2 a ^ 

incident angle of 1% and there is an object lens for use in 
an optical head apparatus, which produces an astigma- 
tism of 5 microns for the image height corresponding to Here, Na^a/R, with a representing the radius of the 
the incident angle of 1°. exit pupil as illustrated in FIG. 8. 

(iii) Astigmatism of the semiconductor laser. 40 Thus, if the numerical aperture NA of the system is 
The area of the point of light emission of a semicon- given, the astigmatic difference A satisfying 

ductor laser is about 2 microns X 0. 1 microns, and can be Wrms ^ 0.07 X is obtained using the equation (5). 
generally regarded as a point. For instance, with an optical head for an optical 

FIG. la and FIG. lb shows an example of a double video disc, a collimating lens having Na of about 0.2 and 
hetero-junction semiconductor laser. As shown in FIG. 45 a semiconductor laser having a wavelength of about 0.8 
la and FIG. lb, the beam waist of the light pencil emit- microns are used. In such a case, the permissible astig- 
ted from the semiconductor laser chip 40 may have matic difference for the W rms^0.07 X is X^ 13.7 mi- 
different dimensions: the value within the plane (x-y crons. The permissible astigmatic difference may be 
plane) of the junction of the semiconductor and the exceeded by the astigmatism due to the phenomena (i), 
value within the plane (x-z plane) normal thereto may 50 (ii) and (iii) described above, and the converging system 
differ. Especially with gain guiding type semiconductor as a whole is prevented from functioning as the diffrac- 
laser, such a difference is large. Within the normal plane tion limit optical system, and the optical transfer func- 
(x-y plane), the point A within the mirror surface 41 tion (OTF) is deteriorated, and hence writing/reading 
forms a mode waist, whereas within the junction plane performance is deteriorated, 
(x-y plane) the point B in the active layer 42 of the 55 It should be noted that, in FIG. lb, R>>A. 
semiconductor laser chip 40, Le., at the back of the As has been described, when a plastic lens is used as 
mirror surface 41 forms a mode waist This difference a converging lens of an optical head apparatus, the 
causes an astigmatism. There are a certain semiconduc- plastic lens itself has an astigmatism due to its molding 
tor laser chip of the gain guiding type with which the strain. The value may be as large as 0.045 X. This alone 
difference may be as large about 25 microns. 60 may amount to 60% or more of the permissible aberra- 

As a criterion for a permissible limit for an optical tion 0.07 X. This has been an obstacle to securing a good 
system accepted as a diffraction limit optical lens, the writing/reading performance. 
Marechal's criterion has been used. According to this The invention aims at providing an optical head appa- 
criterion, the RMS value (Wrms) of the wavefront ratus with which the astigmatism due to the strain of the 
aberration must be not greater than 0.07 X: Wrm^0.07 65 plastic and the astigmatism due to defect in the remain- 
X (where X represents the wavelength of the light). der of the optical system can be minimized and the 

The relationship between the astigmatic differences converging system from the laser to the disc functions 
discussed above in connection with three types of phe- optimally as a diffraction limit optical system. 



equation (5) is obtained. 
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The invention has been accomplished on a finding track 13 will be as schematically illustrated in FIG. 9. 
that the astigmatism of a plastic converging lens varies Where the direction E of the polarization is set at right 
with variation in the angle of rotation about the optical angles with the direction of the track 13, and where the 
axis of the lens, i.e., in the direction of the gate. astigmatism other than that due to the internal strain of 

An embodiment of the invention will now be de- 5 the object (converging) lens is small (typically not more 
scribed with reference to FIG. 1. The optical path as than 0.01 X rms as in the embodiment described), the 
reflected from the beam splitter 4 to the photodetector best convergence characteristic is obtained if the direc- 
19 and the optical elements in such an optical path tionG of the gate is set parallel with the direction E, as 
shown in FIG. 3 are omitted from the illustration for the shown in FIG. 9(a). Where the astigmatism is larger, the 
sake of simplicity. According to the invention, a plastic 10 best convergence characteristic is obtained if the angle 
lens formed by molding is used as the converging lens. 6 between the directions E and G is so adjusted that the 
The position of the gate at the time of molding the astigmatism of the overall converging system is mini- 
plastic lens 10 is indicated by numeral 100. mized. 

First, let us consider a situation in which the astigma- In the embodiment described above, it is assumed that 
tism due to the phenomena (i), (ii) and (iii) in the optical IS the converging lens 10 is of an infinite conjugate type 
path from the semiconductor laser 40 to the point just (parallel incidence type). But the invention is applicable 
before the converging lens 10 is relatively small, and the where a molded plastic lens of a finite conjugate type is 
light pencil entering the converging lens 10 is not con- used to directly receive and converge the light emitted 
siderably inclined with respect to the optical axis of the from the semiconductor laser 40, as illustrated in FIG. 
converging lens 10, and the light convergence is accom- 20 10. 

plished with a sufficiently small image height relative to Moreover, with the advancement of precision press 
the effective field of vision of the lens. Where the astig- technque of glass in recent years, various converging 
matism which is produced under such conditions is lenses for use in an optical head apparatus have been 
about the same as or smaller than the minimum astigma- proposed. It is known that these lenses have double 
tism due to the internal strain of the converging lens 10 25 refraction due to internal residual stress, although per- 
nor example, the astigmatism is not more than about haps to a different degree. With these press-formed 
0.01 X rms in the case of the lens shown in FIG. 4), the glass mold lenses, the angle of rotation about the optical 
direction of the gate and the direction of the linear axis of the lens may be adjusted to minimize the astigma- 
polarization of the light emitted from the semiconduc- tism of the overall converging system, 
tor laser is made to coincide with each other to obtain 30 As has been described, the invention provides an 
substantially the minimum astigmatism. This is lustrated improvement in an optical head apparatus whose con- 
in FIG. 2a, in which the arrow E denotes the direction verging lens is formed by molding. The improvement 
of the polarization and the arrow G denotes the direc- comprises adjustment or setting of the rotational posi- 
tion of the gate. tion of the converging lens with respect to the direction 
Now, let us consider a different situation in which the 35 of linear polarization such that the astigmatism of the 
astigmatism due to the phenomena (i), (ii) and (iii) or the overall converging system from the light source to the 
image height of the converging lens 10 is large, that is disc is minimized. Accordingly, writing/reproducing 
when the astigmatism is larger than can be neglected as performance of the optical head apparatus is substan- 
in the above-mentioned situation. In this case, the angle tially improved. 
6 between the directions E and G are varied or adjusted 40 What is claimed is: 

to have such a value that the astigmatism which is due 1. A method of producing an optical head apparatus 
the internal strain of the converging lens and which is of the type having a laser light source device emitting a 
produced at the time of entry of the linearly polarized linearly polarized light beam, and a converging lens for 
light and the astigmatism due to other factors or reasons converging the light beam from the laser light source 
cancel each other. With such an adjustment, the astig- 45 onto information recording tracks on a recording me- 
matism of the entire converging system is minimized. dium, said method comprising the steps of: 

It was stated in the above description, that the direc- molding a plastic material, to form said converging 
tions E and G may be parallel when the astigmatism due lens whereby the astigmatism of the converging 

to factors other than the internal strain of the object lens against the linearly polarized light beam varies 

(converging) lens is small. But this should be construed 50 with the rotation of the converging lens about the 
that the optimum angle for minimisin g the astigmatism optical axis; and 

of the overall converging system is at about 0° or 180°. adjusting the rotary position of the converging lens 
To be more accurate, 6 may be adjusted (in the proxim- about the optical axis of the converging lens to 

ity of 0° or 180°) to the exact optimum value. minim™ the astigmatism of the light beam as con- 

In the embodiment described above, no mention was 55 verged onto said recording medium, 
made to the relationship in the relative position between 2. A method of producing an optical head apparatus 
the direction E of the polarization and the direction of having an optical system for guiding the light beam 
extension of the data track. But as was disclosed in the emitted from the laser light source to the converging 
literature (f), an optical head with a better reproduction lens according to claim 1, further comprising: 
characteristics can be obtained if the direction E of the 60 adjusting said rotary position such that the astigma- 
linear polarization (which direction is parallel to the tism due to the converging lens and the astigma- 

junction surface 42 in the case of a semiconductor laser tism due to said optical system, said laser light 

42) is at right angles with the direction of the track 13. source and image height of said converging lens 

This is because the angle of the light emission is greater cancel each other. 

in the direction normal to the junction surface than in 65 3. The method of claim 2, further comprising the step 
the direction parallel to the junction surface. of providing a laser light source which is polarized at 

When this is applied to the invention, the relation right angles with the information recording tracks, 
between the directions E and G and the direction of the 4. An optical head apparatus comprising: 
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a laser light source device emitting linearly polarized 
light beam, and 

a converging lens of the type formed by injecting a 
plastic material into a moid die through an injec- 
tion gate, wherein the direction of a line connect- 
ing the injection gate and the center of the lens is 
substantially parallel with the direction of the po- 
larization of the light beam entering the converging 
lens, for converging the light beam emitted from 
the laser light source onto information recording 
tracks on a recording medium for recording infor- 
mation. 

5. The apparatus of claim 4, wherein the plastic mate- 
rial comprises PMMA. 

6. The apparatus of claim 4, wherein the converging 
lens is a non-spherical lens of an infinite conjugate type. 

7. The apparatus of claim 4, wherein the laser light 
source device comprises a semiconductor laser, and the 
converging lens is a non-spherical lens of a finite conju- 
gate type arranged to converge the light pencil emitted 
from the semiconductor laser onto the recording me- 
dium. 

8. An apparatus according to claim 4, wherein the 25 
direction of the polarization of the laser light source 
device is at right angles with the tracks. 

9. An apparatus according to claim 4, wherein the 
converging lens is of a finite conjugate type. 

10. An apparatus according to claim 4 t wherein the 
direction of the polarization of the laser light source 
device is at right angles with the tracks. 

11. An apparatus according to claim 4 further com- 
prising an optical system including a beam splitter for 35 
separating the light beam reflected from the recording 
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medium from the light beam emitted from the laser light 
source. 

12. A method of producing an optical head apparatus 
of the type having a laser light source device emitting a 
linearly polarized light beam, and a converging lens for 
converging the light beam from the laser light source 
onto a recording medium, said method comprising the 
steps of: 

molding said converging lens by injecting a plastic 
material into a mold die through an injection gate 
whereby, the converging lens has an astigmatism 
against the linearly polarized light beam which 
varies with the rotation of the converging lens 
about the optical axis; and 

setting the direction of the gate at the time of molding 
the converging lens so that the astigmatism due to 
the converging lens cancels the astigmatism of the 
optical system from the laser light source device at 
the point just before the plastic lens and the astig- 
matism due to the image height of the light beam 
which is converged by the converging lens. 

13. The method of claim 12, wherein the plastic mate- 
rial comprises PMMA. 

14. The method of claim 12, wherein the converging 
lens is molded so as to form a non-spherical lens of an 
infinite conjugate type. 

15. The method of claim 12, wherein said molding 
step comprises molding a converging lens of an infinite 
conjugate type. 

16. The method of claim 12, wherein said molding 
step comprises molding a converging lens of a finite 
conjugate type. 

17. The method of claim 12, further comprising the 
step of polarizing the laser light source at right angles 
with the tracks. 
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